Introduction
During the last few decades, there has been a decrease in coronary heart disease (CHD) mortality in Sweden similar to that in several other western high-income countries. 1 However, CHD remains the most common cause of death in Sweden and other western regions. 2 -4 The decreasing trends in CHD mortality can be partly explained by the changes in major cardiovascular risk factors including total cholesterol, smoking, and blood pressure levels. These favourable changes have, however, been offset by increasing overweight and obesity. 5 -9 In addition, the uptake of medical and surgical treatments has been rapid, with increasing use of effective therapies, such as thrombolysis, b-blockers, aspirin, ACE-inhibitors, statins, percutaneous coronary intervention (PCI), and coronary artery bypass surgery (CABG). 10, 11 Because CHD remains the single largest cause of death in Western populations, researchers have used models of various degrees of complexity to try to explain the observed decline in CHD mortality. Combining data on major risk factors in the population (cholesterol, blood pressure, smoking, diabetes, obesity, and physical inactivity) with data on medical treatment and interventions has been used in epidemiological models to simplify and help explain a complex reality. 12 The majority of the models consistently suggest that risk factor improvements explain more of the mortality decline than treatments, ranging from 44% in the USA to 72% in Finland. 13 -19 Sweden has a long-standing tradition of administrative registries, a public health system with national coverage, and individual Personal Identification Numbers (PIN) codes for all citizens. Using the PIN code, the Hospital Discharge Register and national quality registries can be linked to cause-specific mortality data. In addition, national and local cardiovascular population surveys provide high-quality epidemiology data, suitable for advanced model-building in explaining trends in CHD mortality. In the present investigation, we used these data to examine how much of the large Swedish CHD mortality decrease between 1986 and 2002 could be attributed to 'evidence-based' medical and surgical treatments, and how much could be explained by changes in major cardiovascular risk factors.
Methods

Mortality model
To investigate how changes in risk factors and medical treatments have affected the decreasing mortality rates in CHD among Swedish men and women 25 -84 years of age, we used an updated version of the IMPACT mortality model. This model, previously described in detail elsewhere 14, 15, 17, 18, 20 was further developed and refined for Sweden. The model includes the major population risk factors: smoking, total cholesterol, systolic blood pressure, body mass index (BMI), diabetes, and physical inactivity ( Table 1) . It also includes a comprehensive coverage of all standard evidence-based medical and surgical treatments used for CHD ( Table 2) .
Data sources used to construct the Swedish model are shown in Table 3 Data from other sources were used only in rare instances. When more than one data sources was available, we used the one we considered to be the most representative. For maximum representation, we pooled survey data from different parts of Sweden. Detailed information on the IMPACT model and data sources for the Swedish analyses are provided in the Supplementary material online, Appendix, Tables S1-S10, available at European Heart Journal online.
Deaths prevented or postponed in 2002
Total population and age distribution data for Sweden in 1986 and 2002 were obtained from the National Board of Health and Welfare. The number of CHD deaths by age and sex in 1986 and 2002 were obtained from the Cause of Death Register, administered by the National Board of Health and Welfare (Supplementary material online, Appendix, Table S2 ). We calculated the number of CHD deaths expected in 2002 if the CHD mortality rates in 1986 had persisted, by multiplying the age-specific mortality rates for 1986 by the population for each 10-year age stratum in the year 2002 (thus accounting for the increasing life expectancy of the population). Subtracting the number of deaths observed in 2002 from the number expected, then yielded the fall in the number of CHD deaths (prevented or postponed) in 2002, which the model needed to explain.
Mortality reductions attributable to Treatments
The prevalence of CHD by diagnosis [acute myocardial infarction (AMI) and unstable angina UAP] was obtained from the Swedish Hospital Discharge Register. Case-fatality rates, and the risk reduction due to treatment, all stratified by age, sex, and diagnosis, were calculated by linking to the Swedish Death Register (Supplementary material online, Appendix, Tables S2 -S6 ). The number of deaths prevented or postponed by each intervention in each group of CHD patients in the year 2002 ( Table 2) was calculated by multiplying the number of people in each diagnostic group by the proportion of those patients who received a particular treatment, by the case-fatality rate over 1 year, and by the relative reduction in 1-year case-fatality by the administered treatment. 14, 18 For example, in Sweden 2002, 2755 men aged 55 -64 were hospitalized with AMI ( Table 4 ). Some 87% were prescribed aspirin, with an expected mortality reduction of 15%. 21 The expected age-specific 1-year case-fatality rate was 4.9%. The number of deaths prevented or postponed for at least a year by the use of aspirin among men aged 55 -64 were then calculated as: 2755 Â 0:87 Â 0:15 Â 0:049 ¼ 18
Several adjustments were made to these basic analyses. While most of the therapeutic measures studied were not in use in 1986, this was not true for all treatments (e.g. CABG surgery for stable angina pectoris). In such cases, the number of deaths prevented or postponed as a result of the therapy as used in 1986 was calculated and subtracted from the figure for 2002, to calculate the net benefit.
In the Model, we only included those actually referred to CABG or PCI, therefore counted as 100% in Table 2 . In the original IMPACT Model, PCI effectiveness was based on the earlier studies by Yusuf et al., 22 Pocock et al., 23 and Bucher et al. 24 indicating equivalence between PCI and CABG. These results are now outdated by more recent evidence from the large COURAGE trial, 25 and the newly published meta-analysis by Cecil et al. 26 Accordingly, we estimated the effectiveness of PCI in patients with stable angina to zero in the Swedish IMPACT Model.
We assumed that compliance, the proportion of treated patients actually taking therapeutically effective levels of medication, was 100% among hospital patients, 70% among symptomatic community patients, and 50% among asymptomatic community patients. 27, 28 To avoid double counting of patients treated, we identified potential overlaps between different groups of patients and made appropriate adjustments (Supplementary material online, Appendix, Table S10 ). To address the potential effect on relative reduction in case-fatality rate for individual patients receiving multiple treatments, we used the Mant and Hicks cumulative relative benefit approach. 29 -31 Relative benefit=1 2 [(1-relative reduction in case-fatality rate for treatment A) Â (1 2 relative reduction in case-fatality rate for treatment B) Â . . . Â (1 2 relative reduction in case-fatality rate for treatment N ).
Mortality reductions attributable to changes in risk factors
Two approaches were used to calculate the numbers of deaths prevented or postponed as a result of changes in risk factors. (i) We used a regression approach for systolic blood pressure, cholesterol, and BMI. The number of deaths prevented or postponed as a result of the change in the prevalence or mean of value for each of these risk factors ( Table 1 ) was estimated as the product of three variables: the number of CHD deaths observed in 1986 (the base year), the subsequent reduction in that risk factor and the regression coefficient quantifying the change in mortality from CHD per unit of absolute change in the risk factor (Supplementary material online, Appendix, Table S4 ). For example, in 1986, there were 570 CHD deaths among 471 039 women aged 55 -64 years of age. Between 1986 and 2002, the mean systolic blood pressure in this group decreased by 2.4 mmHg. The largest meta-analysis showed an estimated age-and sex-specific reduction in mortality of 50% for every 20 mmHg reduction in systolic blood pressure, generating a logarithmic coefficient of 20.035. 32 The number of deaths prevented or postponed as a result of this change was then estimated as:
¼ ½1 À expðÀ0:035 Â 2:4Þ Â 570 ¼ 46:
(ii) A population-attributable risk fraction approach was used to determine the impact of changing prevalence of smoking, diabetes, and physical inactivity. The population-attributable risk fraction was calculated conventionally as [P Â (RR-1)]/[1 + P Â (RR 2 1)], where P is the prevalence of the risk factor (Supplementary material online, Appendix, Table S4 ) and RR is the relative risk for CHD mortality associated with that risk factor (Supplementary material online, Appendix, Table  S8 ). The number of deaths prevented or postponed was then estimated as the number of deaths from CHD in 1986 (the base year) multiplied by the difference between the population-attributable risk fraction in 1986 and that in 2002 ( Table 1) . For example, the prevalence of diabetes in men aged 65-74 years increased from 6.1% in 1986 to 9.5% in 2002. Given a relative risk of 1.93, the population-attributable risk fraction increased from 0.054 to 0.081. Additional deaths in 2002 attributable to an increased prevalence of diabetes were therefore calculated as follows: 14, 15, 20, 32 Deaths from coronary heart disease in 1986 ¼ 4790 Â ð0:081 À 0:054Þ ¼ 129:
Because independent regression coefficients and relative risks for each risk factor were taken from multivariate analyses, we assumed that there was no further synergy between the treatment and risk factor sections of the model or among the major risk factors.
The numbers of deaths prevented or postponed as a result of risk factor changes were systematically quantified for each specific patient group to account for potential differences in effect. Lag times between the changes in the risk factor rate and event rate were not 
Comparison of estimated with observed mortality changes
The model estimates for the total number of deaths prevented or postponed by each treatment and for each risk factor change were rounded to the nearest multiple of five deaths (e.g. 696 became 695). All of these figures were then summed and compared with the observed changes in mortality for men and women in each age group. Any shortfall in the overall model estimate was then presumed to be attributable either to inaccuracies in our model estimates or to other, unmeasured risk factors. 14, 16, 18, 32 
Sensitivity analyses
All the above assumptions and variables were tested in a multi-way sensitivity analysis using the analysis of extremes method. 14, 19, 32 For each variable in the model, we assigned a lower value and an upper value, using 95% confidence intervals (CIs) when available and otherwise using +20% (for the number of patients, use of treatment, and compliance). For example, for aspirin treatment in men aged 55 -64 years hospitalized with AMI, the best estimate was 18 deaths prevented or postponed. The minimum estimate from the multi-way sensitivity analysis was seven and maximum estimate was 37 ( Table 4 ).
Methods for calculating 95% confidence interval for weighted mean
The CI estimation is based on the standard deviation of the samples and their size, which gives us the standard error (or variance) of the sample mean. Multiplying the standard error of the mean with the 1.96 provides an estimate of half of the 95% CI. When a weighted mean was used to give the mean for the whole population based on subsamples, the corresponding standard error was estimated accordingly as a weighted summation based on the standard errors of the subsamples. This procedure was used for data from AMORIS Study 9 and MONICA Study. Data from the ULF, the Official Statistics of Sweden, had the half 95% CI already estimated.
Results
Between 1986 and 2002, CHD mortality rates in Sweden decreased by 53.4% in men and 52.0% in women aged 25-84 years. The age-adjusted CHD rates per 100 000 population fell from 544.1 to 253.4 among men 25 -84 years and from 291.5 to 140.0 among women aged 25-84 years. In 1986, there were 23 060 deaths among this age group recorded as due to CHDs, according to the International Classification of Diseases, 9th Revision (codes 410-414). In 2002, a total of 11 850 such deaths were recorded, according to the International Classification of Diseases, 10th Revision (codes I20 -I25). Yet, had these death rates from 1986 persisted in 2002, another 11 210 deaths would have occurred, which translates to a total of 13 180 CHD deaths postponed or prevented, when taking the increasing numbers in the population into account. During the same period all-cause mortality per 100 000 declined from 1482.6 in 1986 to 1082.5 in 2002 in men and from 1018.6 to 832.4 in women. The proportion of deaths related to CHD decreased from 36.7% and 28.6% in 1986 to 23.4% and 16.8% 2002 in men and women, respectively. Approximately 11 985 of the 13 180 decrease in number of deaths could be explained using the Swedish IMPACT model. The agreement between the estimated and observed mortality decreases for men and women in each age group was generally good. Overall, the model accounted for 90.9% of the total mortality decrease in Sweden between 1986 and 2002. The remaining 9.1% was attributed to changes in other, unmeasured factors. Figure 1 shows comparison of model estimated and observed reductions in deaths from CHD in Sweden between 1986 and 2002, stratified by age and sex.
Major cardiovascular risk factors
Changes in the major cardiovascular risk factors together account for 7200 fewer deaths (minimum estimate, 5695; maximum, 10 490) ( Table 1) . This corresponds to some 55% of the total mortality decrease between 1986 and 2002. The largest reduction in deaths was explained by substantial reductions in total cholesterol levels, from 6.15 mmol/L in 1986 to 5.51 mmol/L in 2002, a total net effect decrease of 0.64 mmol/L, or 10.4%; explaining 39% of the mortality reduction. This was followed by 1195 fewer deaths attributable to decreased smoking prevalence (from 28.9% in 1986 to 18.6% in 2002) and 900 fewer deaths attributable to a decrease in blood pressure by 2.6 mmHg. There was also a decrease in physical inactivity with trends towards more organized exercise and higher activity level, especially in older people ( Table 1) .
Adverse trends were seen with respect to the proportion of population who were overweight or obese, with increasing mean BMI from 24.3 to 25.4. The prevalence in diabetes increased from 2.7% to 3.8% from 1986 to 2002. In total, these adverse trends in overweight and diabetes generated 895 additional CHD deaths ( Table 1 ).
Medical and surgical treatments
Medical and surgical treatments together prevented or postponed 4790 deaths (minimum estimate, 2850; maximum estimate, 10 290) ( Table 2 ) related to CHD. These effects together explained 36.3% of the mortality reduction. The largest reduction came from the use of secondary-prevention medications or rehabilitation after AMI (8.9%). The mortality decreases attributable to hospital and community treatments for heart failure and initial treatment for AMI and UAP were about the same size (6.9% and 7.4%, respectively). For AMI, 745 deaths were prevented or postponed by immediate treatments; the largest contributions came from aspirin, cardiopulmonary resuscitation, ACE-inhibitors, b-blockers, and thrombolysis. Smaller proportions were explained by treatment for hypertension (4.4%) and chronic angina (4.0%).
Revascularization for chronic angina and statins for primaryprevention contributed relatively small reductions, 2.6% and 1.5%, respectively. Coronary artery bypass surgery and angioplasty in connection with AMI or UAP accounted for 1% of deaths prevented or postponed ( Table 2) .
Proportional contributions to the decrease in deaths Figure 2 demonstrates the results of the sensitivity analysis. The proportional contributions of specific treatments and risk factor changes to the overall decrease in CHD mortality in Sweden between 1986 and 2002 remained relatively consistent. Thus, all initial treatments for AMI and UAP together accounted for 970 fewer deaths, representing 7.4% of the total decrease of 11 985 deaths. The minimum estimated contribution was 625 fewer deaths (4.7%), and the maximum was 1995 (15.1%) ( Table 2 ). The contribution of treatment for AMI and UAP was consistently smaller than that for secondary-prevention treatments irrespectively of whether best, minimum or maximum estimates were compared.
Discussion
CHD mortality rates in Sweden declined by more than half between 1986 and 2002. The largest contributor to the decrease was the reduction in major risk factors, accounting for 7200 fewer deaths (out of 13 180), primarily a large (0.64 mmol/L) decrease in total cholesterol. The substantial reduction in population total cholesterol level from 6.15 to 5.51 mmol/L, from 1986 to 2002, explained almost 40% of the decrease in CHD mortality. Most of these large cholesterol decrease are probably attributable to changes in diet. 5 Almost 10% of the mortality reduction came from a decline in smoking prevalence.
However, adverse trends were also seen. There were divergent data for physical activity with trends towards more organized exercise and higher activity level in older people (27%) but less regular daily activity. 5 Furthermore, the BMI, from 24.3 to 25.4 and increase in diabetes prevalence from 2.7 to 3.8% accounted for 900 extra deaths in 2002. Half of all men over 45 years in Sweden are currently overweight or obese, with increasing rates amongst the youngest. This means that the full effect of this increase in body weight on CHD mortality rates will not yet be fully realized.
Previous studies using the IMPACT methodology have all consistently shown a greater contribution from reduction in population risk factor levels than from treatments. 15, 17, 19 Sweden has a slightly different risk factor pattern with lower smoking rates but instead a fairly extensive use of moist snuff, as well as a comparatively low prevalence of diabetes and obesity. In contrast, there were marked reductions in mean levels of serum cholesterol. These differences offer an opportunity to investigate how decreasing serum cholesterol in a community with low and decreasing smoking rates might influence future CHD mortality rates.
Cardiology treatments developed rapidly during the period of study (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . Approximately 36% of the Swedish mortality decrease was attributable to the combined effects of modern cardiological treatments. Thrombolysis accounted for only a small proportion of the deaths prevented by initial treatments for AMI, compared with aspirin and cardiopulmonary resuscitation. Revascularization from CABG surgery and angioplasty for AMI and UAP together accounted for ,1% of the reduction in mortality, vs. 5% in the US model. 16 This comparatively low contribution could partly reflect the lower rates of angioplasty in acute coronary syndromes in Sweden, compared with other industrialized countries (www.heartstats.org). Moreover, the meta-analysis used in the US model relates to earlier studies of CABG before the efficacy of medical treatments was recognized. Therefore, it is likely to be an overestimation of potential benefits even if allowing for better surgical techniques. In addition, the MASS-II study, which compared medical therapy for multivessel CAD with PCI and CABG showed no difference in death rates between the groups, implying that the lowest possible effect of CABG could potentially be zero. 35 Heart failure treatment in the community accounted for a slightly higher number of deaths prevented or postponed compared with hospital treatment for heart failure.
Irrespective of whether best minimum or maximum estimates were used, the largest contribution from medical treatment came from secondary prevention. The foremost medications being b-blockers and aspirin followed by statins and ACE-inhibitors.
Modelling studies have a number of potential strengths. The best models can transparently integrate and simultaneously consider huge amounts of data from many sources. Explicit assumptions can then be tested by sensitivity analyses. 18 However, modelling studies also have limitations. In the present study, 10% of the decreased mortality remains unexplained, which could be due to factors not included in the model. For example, the IMPACT model does not include data on socioeconomic status. Since low socioeconomic status is an independent risk factor for CHD in men and women, socioeconomic changes could be a contributory cause to the observed decrease in CHD mortality. 36, 37 Further, models are dependent on the variable extent and quality of data available on CHD risk factor trends and treatment uptakes. Even so, population data and hospital discharge registries in Sweden are particularly good and cover almost 100%. Data from RIKS-HIA cover more than 90% of Swedish hospitals. Since Sweden has almost no private hospitals and no private CCU, the data probably reflect the majority of the Swedish population. This, together with a long tradition of upholding registries and national population surveys, should minimize the problem of making assumptions on less reliable data.
The Model included only those aged 25 -84 years because of very limited data in older groups. In addition, the model fit was poorer in the youngest and oldest aged women, explaining less of the observed decrease in CHD mortality in these age groups compared with men. Elderly patients and women have been shown to be under-represented in many clinical trials and surveys in cardiovascular heart disease. 38 We also assumed that effectiveness in the population equalled efficacy in randomized trials. Our treatment benefits may therefore be slightly overestimated. The lower agreement of observed with expected deaths in women is partly due to less data but perhaps also because women develop coronary artery disease later than men. 39 This Figure 2 The proportional contributions of specific treatments and risk factor changes to the overall decrease in CHD mortality in Sweden between 1986 and 2002. The bars show the observed deaths in each age group, with diamonds being the best-model estimate, and vertical lines the extreme minimum and maximum estimates in the sensitivity analysis. highlights the need for future work with respect to gender differences and differences between younger and older ages.
In conclusion, more than half of the recent substantial CHD mortality decrease in Sweden was attributable to population reductions in major risk factors, chiefly serum cholesterol, with some 36% attributable to medical therapies. All ages up to 84 were included and the results are thus likely to be applicable to the entire Swedish population. Comprehensive strategies to reduce CHD should therefore actively promote primary prevention as well as maximizing the population coverage of effective treatments.
